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As part of the $1.7 Billion I-15 CORE highway reconstruction project in Utah, several new or enlarged large embankments were 
constructed adjacent to existing buried utilities. Lightweight fill was selected as the technology to limit distress to the adjacent 
utilities. In order to estimate the impact from new construction to the utilities, settlement estimates for the lightweight embankment 
were performed using traditional settlement estimating techniques. Numerical models using FLAC3D were then performed to refined 
estimates.  Estimates of lightweight embankment foundation settlements from this construction were obtained from the finite 
difference modeling. Three-dimensional numerical modeling was used in order to evaluate the foundation settlements since numerical 
modeling can better estimate the induced stresses and deformations of subsurface soils for complicated geometry, loading history, and 
for locations outside of the loaded area. During and after construction of the embankments, foundation soil settlement was measured 
for the lightweight embankments. Settlement estimates from traditional engineering methods and the FLAC3D analyses were 
compared to the observed settlement data. Sensitive buried utilities were successfully protected by use of lightweight fills, and 
engineering settlement estimates were shown to agree well with measured settlement data. This case history shows how urban 
highway re-construction on soft soils, which will likely become more common in the future, can be designed and constructed to 





Interstate 15 (I-15) in Utah County, Utah is an urban roadway 
oriented in an approximately north-south direction near the 
center of a broad valley (Utah Valley), situated between Utah 
Lake and the cities of Lehi, American Fork, Lindon, Orem, 
Provo, Springville, and Spanish Fork. The original roadway 
embankments for I-15 in this area of Utah were constructed in 
the 1960s to heights of 15 to 35 feet. Reconstruction of the 
roadway and associated bridges began in January of 2010. 
 
This paper discusses a case history of the geotechnical 
engineering and embankment construction from the $1.75 
billion I-15 Corridor Reconstruction (CORE) project of I-15 in 
Utah County.  The I-15 CORE is the largest highway project 
in Utah history and was constructed through the design-build 
delivery method. The project location is shown in Figure 1. 
 
The Utah Department of Transportation (UDOT) selected 
Provo River Constructors (PRC), a design-build joint venture, 
to design and construct the project. The PRC joint venture 
included Fluor Enterprises, Inc., Ames Construction, Inc., 
Ralph. L. Wadsworth Construction Company, LLC, and 
Wadsworth Brothers Construction.  Major subcontractors 
include Fluor-HDR Global Design Consultants LLC (lead 
design) with Jacobs Engineering; Michael Baker Jr., Inc.; and 
Kleinfelder. The design-build joint venture reduced the design 
and construction schedule from over 4.5 years to 3 years, thus 
eliminating one full construction season.  Further details of the 
project and its geotechnical scope are described in Schmidt et 
al. (2012). 
 
The reconstruction of I-15 ( at the location shown in Figure 1) 
required thick fills to both widen and raise existing 
embankments, and to construct new embankments, plus the 
replacement of nearly all bridges along the alignment. The 
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project time-frame of 3 years required the design to optimize 
considerations of constructability, cost, schedule and 
performance. The principle treatment methods included 
prefabricated vertical drains (PV drains) to accelerate 
consolidation, Mechanically Stabilized Earth walls (MSE) to 
construct within tight right-of-way limitations, and surcharge 
fills to reduce post-construction secondary settlements. On 
very soft soils, large new embankments can also require 
reinforcing from high strength geotextiles, cement treated fill, 
or foundation soil improvement.  
 
Frequently the raised, widened, or new fills and MSE walls in 
urban highway construction are situated over or adjacent to 
buried utilities. Such was the case for the CORE project where 
settlements of up to 3-feet were estimated under regular 
weight fill. Very often buried utilities have settlement 
tolerances of 1-inch total. With up to 3-feet of settlement, 
every utility crossing beneath embankments was in peril of 
major distress. In many instances relocation of buried utilities 
was feasible and/or cost effective. In cases where relocation 
was not feasible beneath or adjacent to embankment 
construction, lightweight fill of one form or another was used 









Fig. 1. Project location. (Courtesy UDOT) 
 
 
Extensive geotechnical instrumentation was installed to 
compare measured vs. estimated performance as part of an 
“observational approach” to design and construction (Peck, 
1969). In addition to confirming design assumptions, this 
instrumentation allowed for the contractors and designers to 
make changes to design and schedule during the construction. 
 
Of particular interest are the embankments located in the area 
of Lindon and Pleasant Grove, Utah including the overpasses 
of 500 East, Sam White Lane, Proctor Lane, and 200 South 
over I-15. At these overpass locations, the foundation soils are 
very soft, and construction had the potential to impact several 
existing structures, utilities, and roadways. In particular, a 
high-pressure gas line follows the alignment of I-15 through 
this area, and new fills for the overpass structures cross the 
path of this gas line at several locations.  
 
Settlement criteria for buried utilities ranged from 1-inch or 
less total for pressurized and dry utilities to ½-inches 
differential for gravity systems. Design of all embankments 




GEOLOGIC SETTING AND GEOTECHNICAL 
INVESTIGATIONS 
 
The CORE alignment is located near the middle of Utah 
Valley within the Basin and Range Physiographic Province, 
which is characterized by approximately north-trending 
valleys and mountain ranges formed by extensional tectonics 
and displacement along normal faults (Hunt, 1967). This 
valley is a deep, sediment-filled structural basin that is flanked 
by two uplifted blocks, the larger Wasatch Range on the east 
and the smaller Lake Mountains to the west. The Wasatch 
Range is the easternmost limit of the Basin and Range 
Physiographic Province.  The near-surface geology of the 
valley is dominated by sediments deposited by Lake 
Bonneville within the past 30,000 years (Currey and Oviatt, 
1985).  
 
As Lake Bonneville receded, streams began to incise through 
large deltas and lacustrine deposits at the mouths of major 
Wasatch Range canyons. The eroded material was deposited 
in shallow lakes and marshes in the basin and in a series of 
recessional deltas, alluvial fans, and terraces. Toward the 
center of the valley, deep-water deposits of clay, silt, and fine 
sand are predominant. In many places, these deep-water 
deposits are mantled by thin post-Lake Bonneville alluvial 
and/or eolian covers. 
 
As the I-15 CORE is adjacent to Utah Lake, the soils upon 
which the roadway, embankments, and walls were to be 
founded on are lacustrine and alluvial deposits (Bryant, 1992). 
The soils consisted mainly of loose to dense silty sands 
extending to 5 to 25 feet below existing ground surface (bgs) 
overlaying thick deposits of very soft to medium stiff silty to 
fat clays extending as deep as 150 feet bgs. Beneath the thick 
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deposits of lean to fat clay are very dense deposits of sand and 
gravels. Groundwater observed in geotechnical observations 
varied from at the ground surface to 15 feet bgs. 
 
For the fills and structures in the Lindon and Pleasant Grove 
area, Figure 2 shows representative Cone Penetration Test 
(CPT) tip resistances as a generalized soil profile. This profile 
consists of 5 feet of sandy materials overlaying 75 feet of very 
soft to medium stiff lean to fat clay, overlaying alternating 
layers of silty sand silty clay down to 130 ft bgs, where a thick 
layer of very dense gravels underlies the area. Groundwater 
was approximately 5 feet below ground surface, and artesian 
groundwater conditions with up to 8 feet of head were 



















CPT Tip Resistance (tsf)
 
Fig. 2. CPT tip resistance profiles from soundings at each 




Figure 3 shows representative water contents, Liquid Limits, 
and fines contents at depth. In general water contents were 
50% to 90% of the liquid limits, and fines contents were 85 to 
98 percent. Undrained shear strengths of the fine-grained soils 



























Fig. 3. Water contents and fines profile 
 
 
Undrained shear strengths shown in Figure 4 are estimated 
from field vane shear tests, UU triaxial tests, and CPT 
correlations. Due to the high silt-size particle content of the 
fine-grained soils, there was great difficulty in sampling, 
transporting samples without disturbance, and preparing 
quality samples for laboratory testing. Therefore field 
measurements of shear strength were heavily relied on for 
design. Only laboratory samples of sufficient quality are 
shown on Figure 4. 
 
 




























Fig. 4. Undrained shear strength profile 
 
 
Preconsolidation stress is often the most important of the 
engineering parameters for soft clays when performing 
settlement estimates as well as global stability analysis. The 
preconsolidation stress profile is shown in Figure 5. In 
general, the upper 10 to 20 feet of the soil profile have higher 
preconsolidation stresses (OCR > 3), with deeper fine-grained 
soils having over-consolidation ratios (OCR) of 1.1 to 2. For 
the embankments in the Lindon and Pleasant Grove areas, the 
estimated pre-consolidation stress profile from CPT testing 
shows near normally consolidation conditions up to the 
ground surface. This was shown to be erroneous by back-
calculation of pre-consolidation stress from laboratory 
undrained shear strengths and field vane shear tests using the 
Stress History and Normalized Effective Strength Parameter 
(SHANSEP) technique (Ladd and Foott, 1974). This was 
further validated by the calibration presented later in this paper 


































During the original construction of I-15 in Utah County, 
UDOT instrumented the fills with survey points and 
piezometers. Graphical and/or tabular records of fill height 
and settlement at different time intervals were kept. This 
information was provided to the design-build team by UDOT 
prior to bid. An example of one of the historic settlement 
records is show in Figure 6. Settlements for large fills in the 
Pleasant Grove and Lindon areas were recorded as varying 
between 1 and 2 feet over approximately 2 to 3 years. Original 
engineering estimates from the 1950s showed settlement 
estimates of 2 feet or more occurring over 18 months. 
 
The fills placed in the 1960’s were constructed of a 
combination of soil fill and slag obtained for local steel 
manufacturing. During construction activities for the CORE, it 
was observed that the total unit weight of the existing fill 
materials ranged from 120 pounds per cubic foot (pcf) to 130 
pcf for soil fill, while total unit weights of slag ranged from 90 
pcf to 100 pcf. The use of lightweight material in the original 
construction influenced the observed settlements in the 1960s. 
Knowledge that the observed settlements of 1 to 2 feet were 
from embankments partially constructed of 100 pcf to 110 pcf 
material was used in the calibration of settlement models for 
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Fig. 6. Example historic settlement record after  UDOT (2009) 
 
 
Using historic settlement estimates as a guide before 
beginning of I-15 CORE design or construction, it was evident 
that new construction would impact many utilities that had 
been installed since the 1960s highway construction. For many 
utilities, settlements of 1 to 2 feet are unacceptable or could 
result in catastrophic failure of the utility.  
 
 
NEW EMBANKMENTS  
 
The new and enlarged embankments for the overpasses over I-
15 in the Lindon and Pleasant Grove areas were to be 
constructed of sloped embankments with wrap-around MSE 
walls at bridge abutments. Figure 7 shows an example of one 
of these fills under construction. In general the final 
embankments were 25 feet high with top widths of 80 to 100 
feet. Side slopes were generally 2.5 Horizontal to 1 vertical. 
MSE walls were constructed as 2 stage walls due to large 
settlements estimated from engineering analysis and 




Fig. 7. New embankment and MSE wall under construction 
with a surcharge atop the MSE wall 
The embankment foundation soils were treated with PV 
Drains (aka wick drains) prior to fill placement to expedite 
settlement times. With historic settlement records showing up 
to 3 years of consolidation settlement time, accelerating 
consolidation to meet the 3 year total project schedule was 
imperative. Surcharges were placed atop many of the fills and 
MSE walls to mitigate post-construction settlements. Recent 
project experience had shown that post construction 
settlements along the Wasatch Front in Utah can exceed 6 
inches over 10 years for large fills (Farnsworth and Bartlett, 
2011). Surcharging can reduce the amount of secondary 
settlement. The surcharge load, however, must be accounted 
for in the design as the surcharge induces additional primary 
consolidation settlement during construction.   
 
New embankment fill placement took 15 to 30 days including 
surcharge placement. Prior to fill placement geotechnical 
instrumentation was installed to monitor embankment 
settlement and stability (inclinometers). In general, use of PV 
drains allowed for consolidation settlement times to achieve 
98% consolidation at 45 to 75 days, a significant improvement 
over 3 years. 
 
 
LIGHTWEIGHT FILL OPTIONS 
 
For those locations where utilities or other existing structures 
would be impacted, the design build team turned to the use of 
lightweight fill. Lightweight fill was chosen to mitigate 
impacts rather than perform ground improvement to the 
foundation soils. Ground improvement options that were 
considered included stone columns, jet grouting, or soil 
mixing. There were 7 options for lightweight fill available to 
the design-build team: scoria, pumice, tuff, EPS Geofoam, 
cellular concrete, and slag. These options all cost more than 
traditional fill materials; however costs can be reduced by 
reducing the need for embankment reinforcement, PV drains, 
and surcharge. 
 
Scoria, tuff and pumice are mined aggregates of local volcanic 
origin. Pumice available at the time from different sources had 
total unit weights at appropriate compaction levels of 78 to 85 
pcf, while scoria materials had total unit weight at appropriate 
compaction of 62 to 75 pcf. Tuff aggregate material was tested 
to target compacted unit weights of 80 to 85 pcf. For more 
details of the properties, applications, and quality control for 
these materials, see Holm and Valsangkar (1993). 
 
Though attractive due to the proximity of material and low 
unit weight, pumice, tuff and scoria have three drawbacks that 
can limit their use. The first drawback to pumice and scoria 
are that they can exceed AASHTO electro-chemical 
requirements for corrosion of MSE metallic reinforcing strips. 
The second drawback to tuff, pumice and scoria is that the 
aggregates are brittle. Local project experience has shown that 
over-compaction can break the aggregate particles down from 
the placed gradation. The third drawback is that compaction 
testing is difficult in the material, especially with nuclear 
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density gauges.  
 
Knowing the these potential drawbacks to aggregate of 
volcanic origin, each source was tested extensively for electro-
chemical characteristics. The design-build team also 
performed test fills. Test fill procedures included carefully 
monitoring the compactive effort, number of equipment 
passes, and vibration. All to assess at what point aggregate 
density was achieved with a minimum of particle crushing. 
The test fills showed that a performance specification could be 
written for compaction control using number of passes with 
and without vibration, which would result in sufficient 
compaction without crushing aggregate. Densities were 
confirmed by sand cone tests, which provided correction 
factors for nuclear density gauges. Figure 8 shows sample 
gradations of lightweight aggregate used for embankment 
construction. These gradations were maintained in 
construction through construction monitoring of compaction 




































Fig. 8. Gradation of Lightweight Aggregates 
 
 
Steel slag had target compacted unit weights of 85 to 100 pcf. 
Slag, a by-product of local steel manufacture, was widely used 
on the project for slopes. Slag, like pumice and scoria, can 
have chemical characteristics that preclude its use in 
conjunction with MSE reinforcing strips. In particular slag 
was useful for temporary fills used for traffic maintenance 
during construction. It compacts easily, does not break down 
during compaction, is easily excavated and hauled, and 
compaction control is relatively simple.  
 
Lightweight cellular concrete was used on the project for areas 
of small new fills directly over buried utilities with settlement 
requirements of 1 inch or less. Lightweight cellular concrete is 
a generic term for several proprietary commercial products 
which have unit weights of 18 to 60 pcf and strengths which 
usually exceed 400 psi. When used in conjunction with over-
excavation of existing soil above the buried utility, the 
lightweight nature of cellular concrete allowed for a net zero 
added stress condition to protect the buried utility. The 
successful rapid placement of lightweight cellular concrete 
was very encouraging for future projects.  
 
Expanded PolyStyrene (EPS) Geofoam is the lightest weight 
fill option available in the state of Utah. EPS geofoam has 
been used in Utah for 15 years for highway projects 
(Farnsworth et al., 2008). EPS Geofoam’s extremely light 
weight of 1 to 3 pcf makes it ideal for construction of very 
large fills directly over soft ground and sensitive buried 
utilities (Negussey and Stuedlien, 2003). EPS geofoam was 
used to construct a large embankment on the CORE passing 
directly over sensitive buried utilities. 
 
 
SETTLEMENT ESTIMATES USING TRADITIONAL 
METHODS 
 
One-dimensional consolidation tests were performed on fine-
grained soils as part of the laboratory testing program, and 
were used in conjunction with other field and laboratory test 
results to estimate magnitude of settlement for the 
embankments constructed on the CORE. Settlement of 
foundation soils occurs through several mechanisms. 
Settlement usually consists of elastic deformations (both shear 
and volumetric) of all subsurface soils, primary consolidation, 
and secondary compression. 
 
Elastic volumetric deformations of granular soils beneath most 
new embankments were estimated from spreadsheets that use 
the Janbu tangent modulus approach with corrected SPT blow 
counts as primary input (McGregor and Duncan, 1998). 
Elastic deformations of granular soils occur rapidly upon 
loading from embankment construction, and are often referred 
to as “immediate” settlement. Primary consolidation of fine-
grained soils was also estimated using spreadsheets for most 
locations using recompression and compression ratios. 
Spreadsheets were noted to perform very well for estimating 
settlements from widened or raised embankments, while 
commercial computer programs using traditional engineering 
equations struggled with widened or raised embankments. 
Additionally the commercial computer program Settle3D 
(Rocscience 2009) was used to estimate settlement at select 
locations, especially in areas of complicated geometry, 
difficult subsurface conditions, and new embankments.  
 
Secondary settlements and time rate of settlement were also 
estimated using spreadsheets or Settle3D using estimates of C 
and Cv from laboratory consolidation testing. All settlement 
magnitude estimates included the effects of the surcharges that 
would be placed on the fills for secondary compression 
mitigation. 
 
Observed settlements in the Lindon and Pleasant Grove areas 
from the original 1960s I-15 construction were used to 
calibrate settlement analysis results. The existing fill geometry 
and current field and laboratory testing soil properties were 
 Paper No. 6.28a              7 
used to estimate settlements from 1960s construction. The 
estimates were then compared to the historic data. This 
process of calibration showed that the subsurface models used 
for current construction settlement estimates were 
conservative by 15% to 25%. For locations where the 
estimated 1960s embankment settlements differed by more 
than 25% from measured settlement, the conceptual model 
was re-analyzed with the additional laboratory and field 
testing, with re-examination of parameter selection. This 
process of calibration showed that selection of compressibility 
indices of fine-grained soils was of secondary importance, 
while pre-consolidation stress was the single most important 
parameter. Figure 9 shows, for the 200 South overpass over I-
15 area, the historic settlement data and the current estimate of 























Fill Height Including Surcharge (ft)
Historical Settlement Observations
Current Soil Model Calculations of
Historic Embankments
 
Fig. 9. 200 South Overpass historic data and model estimates 
 
 
Settlements from changes in water content of the foundation 
soils were assumed to be negligible due to the high ground 
water level (i.e. less than 10 feet bgs), negligible expansion 
and/or collapse potential for laboratory testing, as well as the 
effects of previous construction of highway embankments 
along the alignment. Seismic settlement of foundation soils 





For locations where buried utilities are not beneath new 
embankment construction, but adjacent to it, settlement 
estimates are still important since settlement occurs outside of 
the loaded footprint. Often, the geometry of the problem is 
such that simplified 2-dimensional plane-strain stress 
distributions are inadequate for estimating the settlement 
outside the loaded area. In these cases, the design-build team 
for the CORE turned to 3D numerical modeling. The 
commercial computer program FLAC3D (Itasca, 2009) was 
used to estimate soil deformations outside of the loaded 
footprint for locations where the geometry was more 
complicated than plane-strain conditions.  
 
When performing numerical modeling of earth structures and 
soil foundation materials, selection of appropriate constitutive 
relationships is critical. For the FLAC3D modeling performed 
for lightweight fill embankments, the Mohr-Coulomb and 
Modified Cam Clay constitutive relationships were selected.  
 
Tables 1 shows selected parameters for the Modified Cam 
Clay constitutive models used in the Pleasant Grove and 
Lindon areas of the CORE. The FLAC3D input parameters 
were carefully selected from the field and laboratory 
investigations. Moduli of fine-grained soils were based, where 
available, on results from consolidated drained triaxial testing. 
Compressibility for the Modified Cam Clay model was 
estimated from the results of 1D consolidation testing. The 
preconsolidation stresses were partially based on laboratory 
testing, correlations to CPT results, correlations to shear wave 
velocity, and calibrations from traditional techniques with 
1960s settlement data. 
 
 





  OCR 
--------------- ft ------ ------ ------ ------ 
Surficial Sandy 
Clay 
0 - 10 0.12 0.017 4.9 1.8 
Sandy Lean 
Clay 
10 - 35 0.14 0.023 2.3 1.8 
Fat Clay 40 - 78 0.23 0.027 1.1 2.1 













NA NA NA NA 
 
 
Fine-grained soils were modeled using Modified Cam Clay 
relationship initially, while granular materials were modeled 
using Mohr-Coulomb (non-associated) relationship. Due to the 
use of lightweight fill, which kept the fine-grained soils from 
entering primary consolidation, the fine-grained soils were 
modeled a second time using the Mohr-Coulomb relationship 
with moduli from consolidated-drained triaxial testing. 
Differences of less than 5 percent in settlement were obtained 
from the 2 analyses run with the different constitutive models. 
This agreement was reasonable since the fine-grained soils 
behave essentially elastic at stress levels below the pre-
consolidation stress. 
 
Geometry used for FLAC3D modeling in the Pleasant Grove 
area was replicated in the model with the same shape as the 
proposed embankment, with 2.5:1 side slopes, a 1.5:1 spill 
slope, and a surcharge placed atop the embankment for 
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secondary settlement mitigation. This geometry is shown in 
Figure 10. The adjacent existing roadway fills for I-15 were 
included in the model, as were the small fills for an adjacent 
local roadway. The site was generally flat before and after 
construction. The model was built one layer at a time, 
allowing for the insitu stress state to be estimated before 




Fig. 10. FLAC3D Embankment Geometry 
 
 
Once equilibrium for the insitu stress state was established, the 
new embankment was added in layers to simulate the 
construction sequencing. As settlement magnitudes were the 
aim of the modeling, time rate of consolidation was not 
modeled. This was reasonable since the entire embankment 
was underlain by PV Drains installed to 75 feet bgs. Vertical 
native ground surface deformations at the end of stepping 
were obtained from carefully placed history point recordings 
(generally down the centerline of the embankment and at the 
locations of adjacent utilities). These were taken to represent 
the settlement due to the embankment loading. The results at 




GEOTECHNICAL INSTRUMENTATION  
 
A number of different types of instruments were used to 
monitor settlements from new embankment and MSE wall 
construction. This monitoring and use of inclinometers was 
used for stability monitoring and release of surcharge loading 
as described in Bartlett et al. (2001) and Ladd (1991). Reliable 
and accurate monitoring of settlements in areas of utility 
conflicts was especially important.  
 
Instrumentation for settlement monitoring consisted of fluid 
filled manometers, vibrating wire settlement plates, vibrating 
wire piezometers, and magnet extensometers. Fluid filled 
manometers were the predominant instrument for all 
embankments on the CORE. Vibrating wire instruments and 
extensometers were used extensively for soft soil sites such as 
those with lightweight fill. Project experience showed that 
fluid filled manometers were as reliable as vibrating wire 
settlement plates for locations with large settlements. For 
locations with small settlements, vibrating wire sensors were 
superior.  
 
For new fills, instruments were located at the center line of the 
roadway fill. For widened embankments instruments were 
placed at the location of the greatest new fill height. 
Settlements measurement presented herein are the maximum 
settlements for an embankment due to the careful location of 
instruments. 
 
Readouts, or gauge boxes, for settlement instruments were 
located at least 50 feet from the edge of wall or slope to reduce 
the effects of settlement on the readout boxes. Despite this, 
some settlement of the readout boxes did occur, and all 
readouts were surveyed at the time of each reading for vertical 
control. Readings were taken 2 to 4 times a week depending 
on the location, stability monitoring, or criticality of the fill.   
 
Magnet extensometer casings were extended through the fill, 
and extensions to the casing were surveyed before and after 
placement. Magnet extensometers were installed below the 
ground surface at the approximate elevations of the top and 
bottom of each major fine-grained soil unit. Vibrating wire 
piezometers were generally installed beneath the PV Drain 
treated zone. Those piezometers installed within the depths of 
the PV Drain zone, showed very rapid excess pore pressure 
dissipation. The piezometers for lightweight embankments 
that were placed deeper than the PV drain installation depth 
were used to assess that excess pore pressures did not develop 
in deep clay soils, as was part of the lightweight embankment 
design.  
 
As with all methods of measurement, geotechnical instruments 
have limitations on accuracy and precision which introduce 
errors into data collected, processed, and used by the engineer. 
The instrumentation results presented here have had 
adjustments made to correct for known sources of error or 
variability, such as temperature or barometric pressure, but not 
every source of variability can be accounted for. Accounting 
for the remaining variability in instrumentation results after 
processing is not presented in this paper. Settlement data 
measured by geotechnical instrumentation that has been 
processed to remove errors and variability by established 
processes is referred to as “observed settlements”. 
 
 
COMPARISON OF OBSERVED AND ESTIMATED 
SETTLEMENTS FOR LIGHTWEIGHT FILLS 
 
Observed settlements at locations where lightweight 
technologies were used were compared to the estimated made 
from engineering calculations. The comparisons are used to 
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assess the effectiveness in calculations compared to 
performance. In a design-build framework, being conservative 
can do a disservice to the owner and design-build team as this 
may increase costs prohibitively. Being under-conservative 
exposes owners and teams to too much risk and potential costs 
long-term.  
 
For slag embankments a comparison between estimates and 
measured data is shown graphically in Figure 11. This figure 
shows that with conventional fill, the settlements for the 
particular embankment and wall geometry would have been 
up to 36 inches, far greater than a buried utility could handle 
without damage. Using slag as the majority of fill, the 
estimated settlements were up to 23 inches, while the actual 
settlements of up to 16 inches. Use of a slag embankment 
mitigated 20 inches of settlement, or 56%, for the highest 
embankments, while for shorter fills, slag mitigated 50% to 
55% of the potential settlements from construction. As seen in 
Figure 11, there is general agreement between the estimated 
























Fill Height Including Surcharge (ft)
Original Estimates using Regular Fill (125pcf)
Revised Estimates using Slag (95pcf)
Measured Settlement
 
Fig. 11. Observed settlements for slag embankment compared 
to engineering estimates using traditional type calculations 
 
 
In areas where the foundation soils were sandier, slag was 
used in conjunction with lightweight cellular concrete for 
small fill height buried utility crossings. With fill heights less 
than 12 feet high, installation of instruments is more difficult 
due to physical space constraints within the fill. The data in 
Figure 11 was used to help assess whether or not the designed 
embankments limited the actual utility settlements to the 
required 1 inch or less.  
 
Scoria embankments, and partial scoria embankments, were 
also instrumented with the comparisons between measured 
and estimated settlements shown in Figure 12. Some of the 
scoria fills were constructed with the bottom portion of the fill 
comprised of conventional fill, with scoria material over top. 
As seen in Figure 12, for the particular geometries of these 
embankments and walls, calibrated settlement estimates of up 
to 38 inches were calculated for conventional fill, where the 
actual settlements were up to 12 inches, with estimates for the 
greatest settlement of 17 inches. Again, lightweight 
technologies provided a settlement reduction of 55% or more 
from conventional fill. At low fill heights, settlement 
reduction by use of full or partial scoria fill was less than the 
large fills, with maximum observed settlements and regular fill 
estimates differing by less than 30%.  
 
For buried gravity utilities, such as sewers, under new fill less 
than 15 feet in height, the use of scoria fill and lightweight 
cellular concrete with over-excavation of existing soils was 
used to limit settlements to 1/2 inch. The combination of over-
excavation and lightweight fill creates an essentially zero 
stress added condition to the foundation soils. Though no 
measurements were made in these locations, the trend shown 
in Figure 12 gives confidence in the reliability of the 
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Fig. 12. Observed settlements for scoria embankment 




For one large embankment in the Pleasant Grove area which 
directly impacted the buried high pressure gas transmission 
line, tuff was used as the fill material. The settlements were 
estimated with FLAC3D, and the embankment centerline 
settlements were measured. The comparison of FLAC3D 
modeling results and measured surface vertical displacements 
beneath the loaded area and instrumentation is shown in 
Figure 13.  
 
The lightweight embankment was specifically designed to 
limit any foundation soil OCR from dipping below 1.05, in 
order to keep all settlements in the recompression range. With 
soil properties obtained from triaxial testing, and calibration 
with historic records, the use of a 3D model was thought to 
give the most representative estimate of the settlements before 




























Fig. 13. Observed settlements for tuff embankment compared 
to FLAC3D results 
 
 
The comparison in Figure 13 is remarkable, and would not be 
expected to be replicated in other locations without the in-
depth calibration to historic records and sophisticated 
laboratory testing program. However, it does show that the 
methods implemented in numerical modeling, when given the 
correct inputs, can be used successfully in deformation 
modeling for complicated and soft soils. This is important 
knowledge for engineering practice as more urban 
construction in the future will impact more sensitive structures 
outside of the loaded area of the embankment. 
 
The minimal differences in modeling the fine-grained soils 
using the Modified Cam Clay or Mohr-Coulomb models 
showed that if fine-grained soils are kept in the recompression 
stress range, with carefully selected moduli and strength 
properties, that a simplified Mohr-Coulomb model is adequate 
to the task of deformation modeling. 
 
 
EPS GEOFOAM EMBANKMENT 
 
EPS geofoam was used where the buried gas pipeline passed 
directly beneath the highest point of the embankment on the 
softest soils of the project. Here the settlements that would 
result from using any other technology besides EPS geofoam 
were prohibitive. The extreme lightweight nature of geofoam 
(less than 3pcf) can make it tempting for engineers to estimate 
zero settlement for geofoam fills. However, for a pavement 
section to sit atop the geofoam fill, a reinforced concrete load 
distribution slab must be placed to protect the foam from 
traffic loading. This slab, coupled with the pavement section 
(up to three feet thick in total), result in a net increase in stress 
to the foundation soils even with the geofoam fill. This added 
stress to foundation soils can be further reduced by over-
excavation of the foundation soils and replacement with 
geofoam. In the case of a utility buried at a shallow depth, the 
over excavation cannot be performed, but the estimated 
settlement must still be less than or equal to that required by 
the utility owner.  
 
Furthermore, the full height geofoam can only be placed over 
an area less than that of a full approach embankment due to 
cost. The design requires a transition from full height foam to 
fill. The new fill will add a slight amount of settlement to the 
location of the pipe even though it is offset from the pipe by 
50 or more feet. The geometry becomes complicated with the 
transition zone between EPS and regular fill, and use of three 
dimensional stress distributions for settlement estimates 
becomes necessary unless overly-conservative estimates of 
settlement are acceptable.   
 
EPS geofoam has the added advantage of speed of 
construction. The EPS blocks delivered to the site by the 
manufacturer are installed rapidly, more rapidly than fill can 
be placed. The lack of change in stress state in the foundation 
soils also reduces the potential for excess pore pressure 
generation and thus use of PV drains is reduced, saving 
additional time and cost. 
 
For the EPS geofoam embankments at 200 South Street over 
I-15 in Lindon, the estimated settlements ranged from 0.7 to 
1.25 inches. The higher settlements occur at lower fill heights, 
since the greatest fill height is composed entirely of EPS 
geofoam. The lower fill heights of the transition zone include 
more conventional fill, sloping up to complete soil fill when 
the embankment has reduced to only 15 feet total height. 
Observed settlements are compared to the engineering 































Fig. 14. Observed settlements for EPS geofoam embankment 




The trend in observed settlements matches the trend in the 
settlement estimates, with settlement increasing with 
decreasing fill height in the transition zone. Generally, the 
observed settlements were greater than engineering estimates 
due to the complicated loading condition of the transition zone 
and stress increase to the foundation soils from the pavement 
section transmitted down through the EPS geofoam fill. 
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Settlements for the buried fuel pipeline beneath the 
embankment were limited by use of EPS geofoam to less than 
the requirements of the utility owner, while saving 





This paper presents the case history from major urban freeway 
construction on soft ground with high groundwater in the 
western United States. The challenge of urban highway 
construction is compounded by the settlement impacts 
imposed on adjacent existing structures, particularly buried 
utilities. In order to mitigate or reduce the impacts to these 
structures for the I-15 CORE project in Utah County, Utah, 
various lightweight fill technologies were used. The use of 
lightweight fill was shown to be successful in meeting utility 
owner settlement criteria without ground improvement. 
 
In order to design the fills and PV drains without being over-
conservative, historic settlement records from previous 
construction were used to calibrate subsurface models used to 
estimate settlement magnitudes and times. Historic records are 
invaluable assets in estimating reliable embankment 
settlements. 
 
Each lightweight fill technology was successful in reducing 
the amount of foundation settlements observed during and 
after construction. Slag was used extensively due to its price 
and availability, and showed dramatic decreases in settlements 
compared to engineering estimates. Scoria was used, often in 
conjunction with regular weight fill or lightweight cellular 
concrete, in reducing settlements to buried utilities.  
 
The impacts from new embankment to buried utilities outside 
the loaded footprint were successfully estimated using 3D 
numerical modeling. This numerical modeling was made 
possible by sophisticated laboratory testing along with 
calibration of the subsurface conceptual model from historic 
settlement records. 
 
EPS geofoam was used to protect in place a buried steel 
pipeline directly beneath a new approach fill for an overpass 
structure on extremely soft soils. Though the most expensive 
lightweight fill technology, the settlement performance of the 
embankment indicates that EPS geofoam designs can be 
successful. 
 
Lightweight fill technology has considerable performance 
potential for urban construction especially in protecting 
adjacent utilities from settlement impacts. Lightweight fills 
also reduce the needs for embankment reinforcement (high 
strength geotextiles, soil treated fills, ect.), PV drains and 
surcharging, saving costs to partially offset the greater costs of 
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